Analysis of metabolic fluxes in batch and continuous cultures of Bacillus subtilis.
It is well recognized that metabolic fluxes are the key variables that must be determined in order to understand metabolic regulation and patterns. However, owing to difficulties in measuring the flux values, evaluation of metabolic fluxes has not been an integral part of the most metabolic studies. Flux values for metabolites of glycolysis, tricarboxylic acid (TCA) cycle, and hexose monophosphate (HMP) pathway were obtained for batch and glucose-limited continuous cultures of Bacillus subtilis by combining the information from the stoichiometry of key biosynthetic reactions with the experimental data on concentrations of glucose and metabolic by-products, CO(2) evolution, and oxygen uptake rates. The results indicate that (1) the metabolic fluxes and energetic yield as well as the extent of flux mismatch in metabolic activity of glycolysis and the TCA cycle reactions can be accurately quantified; (2) the flux through the TCA cycle in continuous culture is much in excess of cell energetic and biosynthetic demands for precursors; (3) for the range of growth rates examined the TCA cycle flux increases almost in proportion to growth rate and is significantly repressed only at very high growth rates of batch cultures; and (4) for continuous cultures the isocitrate dehydrogenase catalyzed reaction of the TCA cycle is the major source of the reduced form of nicotinamide-adenine dinucleotide phosphate (NADPH) used in biosynthesis.